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CLAIMS 



[Claim(s)] 

[Claim 1] In the surface acoustic element equipped with the tandem-type crossed 
electrode which is formed on the plane of composition of the 1st substrate which 
is a single crystal piezo-electricity substrate, the 2nd substrate joined to said 1st 
substrate, and said 2nd substrate of said 1st substrate, and Men of the opposite 
side, and excites an elastic wave The coefficient of thermal expansion of said 
2nd substrate [ in / said 2nd substrate is a substrate of the same quality of the 
material as said 1st substrate, and / the propagation direction of said elastic 
wave of said 1st substrate ] is a surface acoustic element characterized by being 
smaller than the coefficient of thermal expansion of this direction of said 1 st 
substrate. 

[Claim 2] It is the surface acoustic element characterized by the thickness of said 
2nd substrate being 3 or more times of the thickness of said 1st substrate in a 
surface acoustic element according to claim 1 . 

[Claim 3] It is the surface acoustic element characterized by for said 1st and 2nd 
substrates being lithium tantalate, for the Z-axis of said 2nd substrate existing in 
the plane of composition of said 2nd substrate in a surface acoustic element 
according to claim 1 or 2, and the propagation direction of said elastic wave of 
said 1st substrate being parallel to the Z-axis of said 2nd substrate. 
[Claim 4] In a surface acoustic element according to claim 1 or 2, said 1st and 
2nd substrates are lithium tantalate. Men bearing of said 1st substrate is the 
direction rotated from the Y-axis to Z shaft orientations focusing on the X-axis at 
an angle of the range of 36 degrees - 46 degrees. It is the surface acoustic 
element characterized by for Men bearing of said 2nd substrate being Y shaft 
orientations or X shaft orientations, for the propagation directions of said elastic 
wave of said 1st substrate being X shaft orientations of said 1st substrate, and 
the X-axis of said 1st substrate being parallel to the Z-axis of said 2nd substrate. 
[Claim 5] In a surface acoustic element according to claim 1 or 2, said 1st and 
2nd substrates are lithium tantalate. Men bearing of said 1st and 2nd substrates 
is the direction rotated from the Y-axis to Z shaft orientations focusing on the X- 



axis at an angle of the range of 36 degrees - 46 degrees. It is the surface 
acoustic element which the propagation directions of said elastic wave of said 1st 
substrate are X shaft orientations of said 1st substrate, and is characterized by 
the X-axis of said 2nd substrate and the X-axis of said 1st substrate crossing at 
right angles. 

[Claim 6] In a surface acoustic element according to claim 1 or 2, said the 1st 
and said 2nd substrate are lithium tantalate. Men bearing of said 1st substrate is 
X shaft orientations, and Men bearing of said 2nd substrate is Y shaft 
orientations or X shaft orientations. The direction which the propagation direction 
of said elastic wave of said 1st substrate is a direction rotated from the Y-axis of 
said 1st substrate at the include angle of 1 12 degrees to Z shaft orientations, and 
was rotated from the Y-axis of said 1st substrate at the include angle of 1 12 
degrees to Z shaft orientations is a surface acoustic element characterized by 
being parallel to the Z-axis of said 2nd substrate. 

[Claim 7] It is the surface acoustic element characterized by for said the 1st and 
said 2nd substrate being lithium niobate, for the Z-axis of said 2nd substrate 
existing in the plane of composition of said 2nd substrate in a surface acoustic 
element according to claim 1 or 2, and the propagation direction of said elastic 
wave of said 1st substrate being parallel to the Z-axis of said 2nd substrate. 
[Claim 8] In a surface acoustic element according to claim 1 or 2, said the 1st 
and said 2nd substrate are lithium niobate. Men bearing of said 1st substrate is 
the direction rotated from the Y-axis at an angle of the range of 41-64 degrees to 
Z shaft orientations focusing on the X-axis. It is the surface acoustic element 
characterized by for Men bearing of said 2nd substrate being Y shaft orientations 
or X shaft orientations, for the propagation directions of said elastic wave of said 
1st substrate being X shaft orientations of said 1st substrate, and the X-axis of 
said 1st substrate being parallel to the Z-axis of said 2nd substrate. 
[Claim 9] In a surface acoustic element according to claim 1 or 2, said the 1st 
and said 2nd substrate are lithium niobate. Said the 1st and Men bearing of said 
2nd substrate are the direction rotated from the Y-axis at an angle of the range of 



41-64 degrees to Z shaft orientations focusing on the X-axis. It is the surface 
acoustic element which the propagation directions of said elastic wave of said 1st 
substrate are X shaft orientations of said 1st substrate, and is characterized by 
the X-axis of said 2nd substrate and the X-axis of said 1st substrate crossing at 
right angles. 

[Claim 10] It is the surface acoustic element characterized by for said 2nd 
substrate being a tetraboric-acid lithium single crystal, for the c-axis of the 
tetraboric-acid lithium single crystal of said 2nd substrate existing in the plane of 
composition of said 2nd substrate in a surface acoustic element according to 
claim 1 or 2, and the propagation direction of said elastic wave of said 1st 
substrate being parallel to the c-axis of the tetraboric-acid lithium single crystal of 
said 2nd substrate. 

[Claim 1 1] 10 is [ claim 1 thru/or ] the surface acoustic element characterized by 
having the glue line to which junction of said 1st substrate and said 2nd substrate 
uses spreading glass as a principal component in the surface acoustic element of 
a publication at the junction interface of said 1st substrate and said 2nd substrate 
either. 

[Claim 12] In the surface acoustic element equipped with the tandem-type 
crossed electrode which is formed on the plane of composition of the 1st 
substrate which is a single crystal piezo-electricity substrate, the 2nd substrate 
joined to said 1st substrate, and said 2nd substrate of said 1st substrate, and 
Men of the opposite side, and excites an elastic wave It is the surface acoustic 
element which has the glue line which uses spreading glass as a principal 
component in a junction interface, and is characterized by the thickness of said 
2nd substrate being 3 or more times of the thickness of said 1st substrate. 
[Claim 13] The surface acoustic element characterized by optimizing the 
thickness of a spreading glass layer so that the temperature coefficient of the 
elastic wave velocity of propagation which the glue line which uses said 
spreading glass as a principal component has in a surface acoustic element 
given in claim 12 term may serve as a value which offsets the coefficient of 



thermal expansion of the propagation direction of said elastic wave of said 1st 
substrate. 

[Claim 14] The 1st process washed after being the approach of manufacturing 
the substrate for surface acoustic elements claim 1 1 thru/or given in 13 and heat- 
treating said the 1st and said 2nd substrate, The 2nd process which evaporates 
the solvent of spreading glass membrane with heating after applying spreading 
glass membrane to the plane of composition of said the 1st or said 2nd substrate, 
The manufacture approach of the substrate for surface acoustic elements 
characterized by joining said the 1st substrate and said 2nd substrate through a 
spreading glass layer according to the 3rd process to which said the 1st 
substrate and said 2nd substrate are joined, and the 4th process which heat- 
treats after substrate junction. 

[Claim 15] They are the lithium tantalate which has Men bearing which said 1st 
substrate rotated from the Y-axis to Z shaft orientations focusing on the X-axis in 
the surface acoustic element according to claim 12 or 13 at an angle of the range 
of 36 degrees - 46 degrees, the lithium tantalate which makes the X-axis field 
bearing, or the surface acoustic element characterized by being lithium niobate 
which has Men bearing rotated at an angle of the range of 41-64 degrees to Z 
shaft orientations from a Y-axis focusing on the X-axis. 

[Claim 16] It is the surface acoustic element characterized by said 2nd substrate 
consisting of either or those composite material of a diamond, alumimium nitride, 
silicon, oxidization silicon, silicon nitride, boron, oxidization boron, boron nitride, 
lithium tantalate, lithium niobate, and a tetraboric-acid lithium in a surface 
acoustic element according to claim 12 or 13. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the 
component using the surface acoustic wave used for a cellular phone etc., and 
its substrate. 
[0002] 

[Description of the Prior Art] The surface acoustic element used for a cellular 
phone etc. is the Institute of Electronics, Information and Communication 
Engineers paper magazine A and J76 volume. - The Kushigata crossed 
electrode of a metal thin film is formed on single crystal piezo-electricity 
substrates, such as a lithium tantalate substrate, a lithium-niobate substrate, and 
a tetraboric-acid lithium substrate, and it is constituted as shown in A, No. 2, and 
185- 192 pages (February, 1993). 

[0003] The report which made the time delay temperature coefficient of the 
substrate for surface acoustic elements used for them improve is made with high- 
performance-izing of a cellular phone etc. For example, there is an example to 
which the single crystal piezo-electricity substrate and the glass substrate were 
directly joined as shown in JP.11-55070.A. Furthermore, there is an example 
which joined minus expansion glass to the single crystal piezo-electricity 
substrate by ultraviolet curing mold resin as shown in the pages 51 of the 
collection of the 20th supersonic-wave symposium drafts (November, 1999). 
[0004] 

[Problem(s) to be Solved by the Invention] A cellular phone etc. is in the 



inclination for each frequency band of transmission and reception to be 
expanded more, from a rapid commercial-scene expansion in recent years, and 
the system with very narrow frequency spacing of a transmitting band and a 
receiving band also exists. Much more high performance-ization is demanded 
also from the various devices built in a cellular phone etc. from this. Especially in 
the conventional surface acoustic element which forms the Kushigata crossed 
electrode of a metal thin film on single crystal piezo-electricity substrates, such 
as a lithium tantalate substrate or a lithium-niobate substrate, when a time delay 
temperature coefficient is large, since the magnitude of attenuation between 
bands cannot fully be taken, it becomes a serious technical problem. 
[0005] The time delay temperature coefficient of a surface acoustic element is 
determined by the difference of the line coefficient of thermal expansion of a 
single crystal piezo-electricity substrate, and the temperature coefficient of 
surface acoustic wave velocity of propagation. If these values are values of a 
single crystal piezo-electricity substrate proper and it says about a line coefficient 
of thermal expansion For example, the X-axis of the lithium tantalate substrate 
which has Men bearing rotated at the include angle of 36 degrees - 46 degrees in 
Z shaft orientations from a Y-axis focusing on the X-axis, That is, it is large in 
degree C and about 15.4 ppm /, the X-axis, i.e., surface acoustic wave 
propagation direction, of a lithium-niobate substrate which has Men bearing 
rotated at the include angle of 64 degrees in Z shaft orientations from a Y-axis in 
the surface acoustic wave propagation direction focusing on about 16.1 ppm 
[ degree C ] /and the X-axis. This point has been a failure when aiming at 
improvement in the engine performance of a surface acoustic element from now 
on. 

[0006] As an approach of solving the above-mentioned technical problem, there 
is an approach using the compound piezo-electricity substrate which joined the 
glass substrate with a small line coefficient of thermal expansion to the single 
crystal piezo-electricity substrate directly. However, since the above-mentioned 
compound piezo-electricity substrate has joined the substrate with which the 



quality of the materials differ, especially, its effect of bulk wave reflection by the 
substrate junction interface is large, and it has the problems (a filter for example, 
the ripple in a band or a spurious response out of band etc.) which degrade the 
property of a surface acoustic element. 

[0007] Moreover, although there is also a method of using adhesives etc. in 
addition to said direct junction about the substrate junction approach, there is no 
thermal resistance in applicable adhesives, and there is a possibility that a 
problem may arise, at the time of heat-treatment in the process which forms a 
device. 

[0008] This invention aims at realizing a surface acoustic element on the 
substrate for surface acoustic elements whose time delay temperature coefficient 
can improve, and its substrate for surface acoustic elements by improving the 
line coefficient of thermal expansion of the single crystal piezo-electricity 
substrate which carries out excitation propagation of the surface acoustic wave in 
consideration of the above problems. 

[0009] Namely, it aims at realizing substrate junction which shows sufficient 
thermal resistance and chemical resistance to the manufacture process process 
of the Kushigata crossed electrode after substrate junction in the approach of 
performing substrate junction through a glue line for the purpose of realizing the 
good surface acoustic wave propagation property of having suppressed the 
effect of bulk wave reflection by the substrate junction interface in the direct 
conjugation method, about the conjugation method of a single crystal piezo- 
electricity substrate and. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
the surface acoustic element by this invention In the structure equipped with the 
tandem-type crossed electrode which is formed on the plane of composition of 
the 1st substrate which is a single crystal piezo-electricity substrate, the 2nd 
substrate joined to the 1st substrate, and the 2nd substrate of the 1st substrate, 
and Men of the opposite side, and carries out excitation propagation of the 



surface acoustic wave It is characterized by making the surface acoustic wave 
propagation direction of the 1st substrate a direction and parallel with the 
smallest line coefficient of thermal expansion in the plane of composition of the 
2nd substrate. 

[001 1] As for the quality of the material of the above 1st and the 2nd substrate, in 
a configuration of that the 2nd substrate is substantially joined to the 1st directly 
without a junctional zone, in the above, it is desirable that it is the same quality of 
the material. Moreover, when it is the configuration that the above 1st and the 
2nd substrate by this invention joined the dissimilar material, in order to enable 
substrate junction which solved the heat-resistant and chemical-resistant 
problem, it is desirable to junction mind [ of a substrate ] the glue line which uses 
spreading glass as a principal component. 
[0012] 

[Embodiment of the Invention] Drawing 1 is the perspective view showing the 1st 
example of the surface acoustic element by this invention. The 2nd substrate 
with which 1 of drawing was joined to the single crystal piezo-electricity substrate, 
and 2 was joined to the above-mentioned substrate 1 , and 3 are the tandem-type 
crossed electrodes formed on a plane of composition with the substrate 2 of the 
above-mentioned substrate 1, and Men of the opposite side. In this example, 
although the quality of the material of a substrate 2 is the same as a substrate 1 , 
the line coefficient of thermal expansion of the substrate 2 in the propagation 
direction (arrow head 4) of the surface acoustic wave of a substrate 1 is joined so 
that it may become smaller than the line coefficient of thermal expansion of this 
direction of a substrate 1. 

[0013] In the surface acoustic element in this example, the substrate which the 
substrate 1 and the substrate 2 were joined by direct junction, and was joined is 
used as a substrate 5 for surface acoustic elements. The surface acoustic wave 
excited with the tandem-type crossed electrode 3 formed on the substrate 1 
spreads a substrate 1 top, and is functioning as a surface acoustic element. 
Since the electrode finger of the Kushigata crossed electrode 3 is perpendicularly 



formed to the X-axis of a substrate 1 , a surface acoustic wave is spread in the 
parallel direction to the X-axis of a substrate 1 . 

[0014] In the surface acoustic element in which the Kushigata crossed electrode 
3 of a metal thin film was formed on the substrate 1 , the difference of the line 
coefficient of thermal expansion of the surface acoustic wave propagation 
direction 4 of a substrate 1 and the temperature coefficient of surface acoustic 
wave velocity of propagation determines a time delay temperature coefficient. 
The line coefficient of thermal expansion of the surface acoustic wave 
propagation direction 4 (X shaft orientations) of a lithium tantalate substrate with 
Men bearing which these values are values of a single crystal piezo-electricity 
substrate proper, for example, was rotated from the Y-axis at the include angle of 
36 degrees - 46 degrees to Z shaft orientations focusing on the X-axis is not a 
numeric value good in degree C and about 16.1 ppm /. 
[0015] In the single crystal piezo-electricity substrate currently used for current 
and a surface acoustic element, the Xtal substrate is one of those have a good 
time delay temperature coefficient. In the case of the Xtal substrate, the line 
coefficient of thermal expansion of the surface acoustic wave propagation 
direction 4 is not a value with good degree C, about 13.71 ppm /, and ******, but 
since the temperature coefficient of surface acoustic wave velocity of propagation 
has the property in which a lithium tantalate substrate, a lithium-niobate substrate, 
etc. serve as a forward value conversely, the value of a line coefficient of thermal 
expansion is offset by the value of the temperature coefficient of surface acoustic 
wave velocity of propagation, and a time delay temperature coefficient shows a 
small value. However, the Xtal substrate has the fault that an electromechanical 
coupling coefficient is small and sufficient frequency bandwidth cannot be 
obtained. Now, the single crystal piezo-electricity substrate with both both an 
electromechanical coupling coefficient and a good time delay temperature 
coefficient is not discovered. 

[0016] In this example, in order that a time delay temperature coefficient may 
realize a small surface acoustic element using a single crystal piezo-electricity 



substrate with a large electromechanical coupling coefficient, the surface 
acoustic wave propagation direction 4 of the substrate 1 which is a single crystal 
piezo-electricity substrate, and the direction where the line coefficient of thermal 
expansion of the 2nd substrate 2 is small are made parallel, and it joins. Thereby, 
the line coefficient of thermal expansion of a substrate 1 is controlled by the line 
coefficient of thermal expansion of a substrate 2, and a time delay temperature 
coefficient is improved with it. 

[0017] Drawing 2 shows an example of Men bearing of the substrate 1 by this 
example, and drawing 3 shows an example of Men bearing of the substrate 2 by 
this example. The arrow head 6 of drawing 3 shows the direction where the 
coefficient of thermal expansion of the 2nd substrate is the smallest. Here, the 
lithium tantalate substrate which has Men bearing of Y shaft orientations as a 
substrate 2 which becomes Z shaft orientations from the same quality of the 
material as a substrate 1 using a lithium tantalate substrate with Men bearing 
rotated at the include angle of 36 degrees - 46 degrees is used from a Y-axis 
focusing on the X-axis as a substrate 1. 

[0018] Drawing 4 is drawing having shown the junction direction in the case of 
joining a substrate 1 and a substrate 2. Here, the line coefficient of thermal 
expansion of a substrate 1 and a substrate 2 is considered. In the lithium 
tantalate substrate which has Men bearing rotated at the include angle of 36 
degrees - 46 degrees in Z shaft orientations from a Y-axis focusing on the X-axis 
which is a substrate 1 , the line coefficient of thermal expansion of X shaft 
orientations which are the propagation directions 4 of a surface acoustic wave is 
about 16.1 ppm/degree C. On the other hand, the direction where the coefficient 
of thermal expansion of a lithium tantalate substrate with Men bearing of Y shaft 
orientations which are substrates 2 is very small (an arrow head 6 shows.) The 
line coefficient of thermal expansion of Z shaft orientations which intersect 
perpendicularly to X shaft orientations which are the propagation directions of a 
surface acoustic wave here is the smallest in degree C, about 4.1 ppm /, and this 
field. 



[0019] Since according to this invention the line coefficient of thermal expansion 
of a substrate 1 is controlled by the line coefficient of thermal expansion of a 
substrate 2 by making parallel X shaft orientations which are the surface acoustic 
wave propagation directions 4 of a substrate 1 , and the Z shaft orientations 6 
with the very small line coefficient of thermal expansion of a substrate 2, and 
joining as shown in drawing 4 , the line coefficient of thermal expansion of the 
surface acoustic wave propagation direction 4 is improvable. However, since the 
line coefficient of thermal expansion of a substrate 1 does not necessarily turn 
into a line coefficient of thermal expansion of a substrate 2 as it is and serves as 
a numeric value according to the thermal stress produced in a plane of 
composition by the differential thermal expansion of a substrate 1 and a 
substrate 2, the substrate thickness of a substrate 1 and a substrate 2 becomes 
important. As a result of inquiring, by sheet-metal-izing a substrate 1 so that the 
thickness of a substrate 2 may become 3 or more times of the thickness of a 
substrate 1 showed that the line coefficient of thermal expansion of the surface 
acoustic wave propagation direction could be improved more notably in the 
joined substrate 5 for surface acoustic elements. 

[0020] By here setting to 270 micrometers board thickness of the lithium tantalate 
substrate which has Men bearing of Y shaft orientations which are 90 
micrometers and a substrate 2 about the board thickness of a lithium tantalate 
substrate with Men bearing rotated at the include angle of 36 degrees - 46 
degrees in Z shaft orientations from a Y-axis a core [ the X-axis which is a 
substrate 1 ], the line coefficient of thermal expansion of a lithium tantalate 
substrate with Men bearing of Y shaft orientations becomes dominant, and a line 
coefficient of thermal expansion is improved. As a result of measuring the time 
delay temperature coefficient in this case, it was 24 ppm/degree C. Since the 
time delay temperature coefficient of the conventional surface acoustic element 
which does not perform substrate junction was 33 ppm/degree C, it had a 9 ppm 
[/degree C ] improvement effect by this invention. Moreover, larger effectiveness 
is acquired by making board thickness of a substrate 1 much more thin. 



[0021] Moreover, since it is the structure, i.e., the structure where the lattice 
constant in a junction interface becomes the same, where the substrate 1 and 
substrate 2 which were joined consist of the same quality of the material 
according to this example, as compared with junction of a dissimilar-material 
substrate which is represented by a single crystal piezo-electricity substrate and 
the glass substrate, more powerful adhesive strength is realizable. Namely, 
implementation of very powerful adhesive strength is possible for the lithium 
tantalate substrate which has Men bearing with Men bearing rotated at the 
include angle of 36 degrees - 46 degrees of a lithium tantalate substrate and Y 
shaft orientations in Z shaft orientations from a Y-axis focusing on the X-axis 
from being the same quality of the material. 

[0022] The effect of bulk wave reflection of the substrate junction interface by this 
example is explained using drawing 5 . If board thickness of a substrate 1 is 
sheet-metal-ized so that the thickness of a substrate 2 may become 3 or more 
times of the thickness of a substrate 1 , in order that the front face and substrate 
junction interface of a substrate 1 may approach, as shown in (a), the effect of 
the reflected wave 8 from the substrate junction interface of a bulk wave 7 will 
become larger. However, since according to this example it is the structure 
where the joined substrate 1 and the joined substrate 2 consist of the same 
quality of the material as shown in (b), as compared with the case where a 
dissimilar-material substrate is joined, the effect of the reflected wave 8 from the 
substrate junction interface of a bulk wave 7 becomes small. 
[0023] That is, the lithium tantalate substrate which has Men bearing with Men 
bearing rotated at the include angle of 36 degrees - 46 degrees of a lithium 
tantalate substrate and Y shaft orientations in Z shaft orientations from a Y-axis 
focusing on the X-axis has the small effect by reflection by the junction interface 
since it is the same quality of the material, and degradation of the component 
property by the bulk wave reflection from a junction interface can be made small 
in the surface acoustic wave of this example which has this structure. 
[0024] Moreover, since the joined substrates 1 and 2 are the same quality of the 



materials according to this example although it is easy to produce the problem of 
substrate breakage with the difference of the line coefficient of thermal expansion 
of a junction substrate, the ununiformity of the thermal stress of the void section 
and a joint, etc. when joining dissimilar-material substrates directly, as compared 
with direct junction of a dissimilar-material substrate, it is hard to produce the 
problem of substrate breakage. 

[0025] Drawing 6 explains an example of the manufacture approach of the 
surface acoustic element of this invention below. For example, as a substrate 1, 
the lithium tantalate substrate which has Men bearing rotated at the include angle 
of 36 degrees - 46 degrees in Z shaft orientations and by which mirror polishing 
was carried out is prepared from a Y-axis focusing on the X-axis. Moreover, the 
lithium tantalate substrate which has Men bearing of Y shaft orientations as a 
substrate 2 and by which mirror polishing was carried out is prepared. Heat 
treatment of 1 hours or more is performed at the temperature of 300 degrees C 
or more as pretreatment which joins above-mentioned both. This is performed in 
order to remove gas and the organic substance adhering to the front face of a 
substrate 1 and a substrate 2. If this processing is neglected, a void may occur in 
a junction interface after substrate junction. 

[0026] Subsequently, after making the solution which mixed pure water (H20) 
with the hydrogen peroxide (H202) and the aqueous ammonia solution (NH40H) 
for two lithium tantalate substrates to join immersed about about 10 minutes, the 
rinse by pure water is performed. This gives a hydrophilic property to the front 
face of a substrate 1 and a substrate 2, and has the effectiveness combined 
according to the Juan Dell Wace force committed between the water molecules 
by which the substrate front face is adsorbed at the time of substrate junction. 
[0027] Then, after drying two lithium tantalate substrates, substrate junction is 
performed in a room temperature and an air ambient atmosphere. Especially the 
thing for which a particle free-lancer's junction interface is acquired here is 
important, and it is desirable to perform substrate junction in the clean room 
which has a ten or more-class air cleanliness class after said washing. Moreover, 



a particle free-lancer's interface and an interface with a hydrophilic property can 
be reconciled by washing just before junction. 

[0028] Then, two joined lithium tantalate substrates perform sheet metal-ization 
of the lithium tantalate substrate which has Men bearing rotated at the include 
angle of 36 degrees - 46 degrees in Z shaft orientations from a Y-axis focusing 
on the X-axis which is a substrate 1 so that the line coefficient of thermal 
expansion of a lithium tantalate substrate with Men bearing of Y shaft 
orientations which are substrates 2 may become dominant. It grinds so that it 
may become 1/3 or less from a Y-axis to the board thickness of a lithium 
tantalate substrate with Men bearing of Y shaft orientations using substrate 
polish equipment about the board thickness of the lithium tantalate substrate 
which has Men bearing rotated at the include angle of 36 degrees - 46 degrees in 
Z shaft orientations focusing on the X-axis. 

[0029] A polish process performs finishing polish gradually from rough polish, 
and realizes mirror polishing. At this time, as shown here, it does not sheet- 
metal-ize according to the polish process after substrate junction. You may join, 
after preparing the lithium tantalate substrate which has Men bearing rotated at 
the include angle of 36 degrees - 46 degrees in Z shaft orientations from a Y-axis 
focusing on the X-axis which becomes 1/3 or less board thickness to the lithium 
tantalate substrate which has Men bearing of Y shaft orientations beforehand. 
Especially a process will not be asked if the board thickness of a substrate 1 is 
1/3 or less board thickness to the board thickness of a substrate 2. 
[0030] After sheet-metal-izing a substrate 1 , two lithium tantalate substrates are 
completely joined by performing heat treatment of about 2 hours at the 
temperature of 250 degrees C. Then, it produces by performing the usual 
electrode making process on the substrate 1 joined to the substrate 2 in the 
Kushigata crossed electrode 3 as shown in drawing 7 . The Kushigata crossed 
electrode 3 is arranged so that the surface acoustic wave by which excitation 
propagation is carried out with the Kushigata crossed electrode 3 at this time 
may be in agreement with the surface acoustic wave propagation direction (X 



shaft orientations) of a substrate 1 . 

[0031] Although the example using the lithium tantalate substrate which has Men 
bearing rotated from the Y-axis at the include angle of 36 degrees - 46 degrees 
to Z shaft orientations focusing on the X-axis as a substrate 1 in the above and 
the 1st example, and the lithium tantalate substrate which has Men bearing of Y 
shaft orientations as substrates 2 which consist of the same quality of the 
material was explained Also when the lithium tantalate substrate which has Men 
bearing of X shaft orientations as a substrate 2 is used, there is same 
effectiveness. 

[0032] Also when it joins so that similarly X shaft orientations of a substrate 2 and 
X shaft orientations of a substrate 1 may cross [ as a substrate 1 ] at right angles 
using a lithium tantalate substrate with the field bearing same as a substrate 2 
which becomes Z shaft orientations from the same quality of the material using a 
lithium tantalate substrate with Men bearing rotated at the include angle of 36 
degrees - 46 degrees as a substrate 1 from a Y-axis focusing on the X-axis, 
there is same effectiveness. 

[0033] Also when it joins so that the direction rotated at the include angle of 1 12 
degrees to Z shaft orientations may become parallel to Z shaft orientations of a 
substrate 2 from the Y-axis which is the surface acoustic wave propagation 
direction 4 of a substrate 1 using the lithium tantalate substrate which has Men 
bearing of Y shaft orientations or X shaft orientations as a substrate 2 which 
similarly consists of the same quality of the material using the lithium tantalate 
substrate which has Men bearing of X shaft orientations as a substrate 1 , there is 
same effectiveness. 

[0034] Also when it joins so that similarly X shaft orientations of a substrate 1 
may be parallel to Z shaft orientations of a substrate 2 from a Y-axis using the 
lithium-niobate substrate which has Men bearing of Y shaft orientations or X shaft 
orientations as a substrate 2 which becomes Z shaft orientations from the same 
quality of the material using a lithium-niobate substrate with Men bearing rotated 
at the include angle of 41 degrees - 64 degrees focusing on the X-axis as a 



substrate 1, there is same effectiveness. 

[0035] Also when it joins so that similarly X shaft orientations of a substrate 2 and 
X shaft orientations of a substrate 1 may cross [ as a substrate 1 ] at right angles 
using a lithium-niobate substrate with the field bearing same as a substrate 2 
which becomes Z shaft orientations from the same quality of the material using a 
lithium-niobate substrate with Men bearing rotated at the include angle of 41 
degrees - 64 degrees as a substrate 1 from a Y-axis focusing on the X-axis, 
there is same effectiveness. 

[0036] Moreover, there is same effectiveness also in the substrate 5 for surface 
acoustic elements joined so that the surface acoustic wave propagation direction 
4 of a substrate 1 might become parallel to the direction of a c-axis of a substrate 
2 using the tetraboric-acid lithium substrate which has a c-axis in a plane of 
composition as a substrate 2 which consists of the same quality of the material, 
using a tetraboric-acid lithium substrate as a substrate 1 . 
[0037] Considering the line coefficient of thermal expansion of the substrate 1 in 
this case, and a substrate 2, the line coefficient of thermal expansion of the c- 
axis of the tetraboric-acid lithium substrate which is a substrate 2 is [ about ] to 
the line coefficient of thermal expansion of the direction of an a-axis of the 
tetraboric-acid lithium substrate which is a substrate 1 being about 13 
ppm/degree C. -It becomes a line coefficient of thermal expansion negative in 
degree C and 1 .5 ppm /. Therefore, degree C is [ about / of the line coefficient of 
thermal expansion of the direction of a c-axis ] in about 13 ppm /of the line 
coefficient of thermal expansion of the direction of an a-axis by carrying out 
substrate junction so that the direction of an a-axis of a tetraboric-acid lithium 
substrate and the direction of a c-axis of a tetraboric-acid lithium substrate may 
become parallel. -It is controlled by degree C in 1.5 ppm /, and the line coefficient 
of thermal expansion of the surface acoustic wave propagation direction can be 
improved in the joined substrate 5 for surface acoustic elements. 
[0038] Below, another example of this invention is explained. Drawing 8 is the 
perspective view showing the 2nd example of the surface acoustic element by 



this invention. The surface acoustic element shown in drawing 8 is a surface 
acoustic element equipped with the tandem-type crossed electrode 3 which is 
formed on the plane of composition of the substrate 1 which is a single crystal 
piezo-electricity substrate, the substrate 2 joined to the substrate 1 , and the 
substrate 2 of a substrate 1 , and Men of the opposite side, and excites a surface 
acoustic wave, and has the glue line 9 which uses spreading glass (SOG:Spin 
On Grass) as a principal component at the junction interface of a substrate 1 and 
a substrate 2 in junction of a substrate 1 and a substrate 2. 
[0039] The line coefficient of thermal expansion of the substrate 2 in the 
propagation direction 4 of the surface acoustic wave of a substrate 1 is joined so 
that it may become smaller than the line coefficient of thermal expansion of this 
direction of a substrate 1 . Moreover, board thickness of a substrate 1 is sheet- 
metal-ized so that the thickness of a substrate 2 may become 3 or more times of 
the thickness of a substrate 1 . The substrate to which the substrate 1 and the 
substrate 2 were joined, using spreading glass as a glue line 9 is used as a 
substrate 5 for surface acoustic elements. The surface acoustic wave excited 
with the tandem-type crossed electrode 3 formed on the substrate 1 spreads a 
substrate 1 top, and functions as a surface acoustic element. 
[0040] The spreading glass used as a glue line 9 can form the coat which uses 
oxidation silicon as a principal component by the method of applying / calcinating, 
and dissolves a silicon compound in an organic solvent. Here, an oxidation 
silicon substrate is used [ as a substrate 1 ] for Z shaft orientations as a substrate 
2 using a lithium tantalate substrate with Men bearing rotated at the include angle 
of 36 degrees - 46 degrees from a Y-axis focusing on the X-axis. 
[0041] By using the spreading glass with which a principal component consists of 
oxidation silicon as a glue line 9 in junction of a substrate 1 and a substrate 2 
according to this example Since there is no aggravation of the time delay 
temperature coefficient by the glue line 9 in the comparison with the case where 
ultraviolet curing mold resin etc. is used as adhesives, for example from the time 
delay temperature coefficient of glue line 9 the very thing being small, The time 



delay temperature coefficient to the surface acoustic wave propagation direction 
4 of the joined substrate 5 for surface acoustic elements is improved more. 
Moreover, since a principal component consists of oxidation silicon, a degree of 
hardness is very high, and also when the stress by the thermal expansion of a 
substrate 1 occurs, spreading glass can control the elongation of the piezo- 
electric substrate 1 compared with ultraviolet curing mold resin etc., and is 
effective also for an improvement of a line coefficient of thermal expansion. 
[0042] Since the substrate 5 for surface acoustic elements which joined the 
substrate 1 and the substrate 2 has a metal thin film covering process, a phot 
lithography processes, an etching process, and a process accompanied by heat 
treatment of a solder reflow process etc. in a back process as a manufacture 
process which produces a surface acoustic element in a last process further after 
substrate junction, it becomes important [ thermal resistance ]. Moreover, in each 
process, since organic, an inorganic chemical, etc. are used, chemical resistance 
also becomes important. Therefore, in joining a substrate 1 and a substrate 2 
using a glue line 9, thermal resistance and chemical resistance become 
indispensable at a glue line 9. 

[0043] As an example, the case where ultraviolet curing mold resin is used for a 
glue line 9 is explained. Since ultraviolet curing mold resin hardens only by 
irradiating ultraviolet rays and substrate junction is completed after applying 
ultraviolet curing mold resin to the plane of composition of a substrate 2 and 
performing substrate junction, heat treatment is also an unnecessary very simple 
substrate conjugation method. However, although chemical resistance is enough 
as a property of ultraviolet curing mold resin, since thermal resistance is as low 
as about 120 degrees C, the application as a glue line 9 is difficult. 
[0044] As another example, the case where heat-curing mold resin is used for a 
glue line 9 is explained. The substrate 2 with which heat-curing mold resin was 
applied after having applied heat-curing mold resin to the plane of composition of 
a substrate 2, volatilizing the solvent by heat treatment and making it harden is 
heated again, where heat-curing mold resin is softened, a substrate 1 is joined, 



by cooling after substrate junction, heat-curing mold resin is stiffened and 
junction is completed. However, as a property of heat-curing mold resin, 
chemical resistance is brittle, and, for a certain reason, it is also difficult for the 
application as a glue line 9 to soften by reheating after substrate junction further. 
[0045] As still more nearly another example, the case where the wax for 
adhesion is used for a glue line 9 is explained. It is the very simple substrate 
junction approach that apply the wax for adhesion to the plane of composition of 
the substrate 2 heated with the hot plate etc., stiffen the wax for adhesion by 
cooling after the wax for adhesion has melted and joining a substrate 1, and 
junction is completed. However, since there is no chemical resistance in addition 
to thermal resistance being low as a property of the wax for adhesion so that 
alcohol also melts, the application as a glue line 9 is difficult. 
[0046] The spreading glass with which the principal component used as a glue 
line 9 consists of oxidation silicon in this example in case a substrate 1 and a 
substrate 2 are joined In order to show the high resistance which showed 
sufficient thermal resistance also in heat treatment of 400 degrees C or more, 
and applied to oxidation silicon correspondingly also about chemical resistance, 
It is not necessary to compare with the case where said ultraviolet curing mold 
resin, heat-curing mold resin, the wax for adhesion, etc. are used for a glue line, 
sufficient thermal resistance and chemical resistance are shown also to the 
manufacture process process of the Kushigata crossed electrode 3, a solder 
reflow process, etc., and powerful adhesive strength can be maintained. 
[0047] The difference of the line coefficient of thermal expansion of the surface 
acoustic wave propagation direction 4 of a single crystal piezo-electricity 
substrate and the temperature coefficient of surface acoustic wave velocity of 
propagation determines the time delay temperature coefficient of a surface 
acoustic element as above-mentioned. If its attention is paid to the temperature 
coefficient of surface acoustic wave velocity of propagation here, since it has a 
property used as a negative value, with a lithium tantalate substrate or a lithium- 
niobate substrate, the time delay temperature coefficient decided by the 



difference with a line coefficient of thermal expansion will get worse more. 
[0048] On the other hand, since a principal component consists of oxidation 
silicon, the spreading glass used as a glue line 9 in this example serves as a 
value forward in the temperature coefficient of surface acoustic wave velocity- of 
propagation, and the time delay temperature coefficient decided by the difference 
with a line coefficient of thermal expansion improves. By using this property that 
spreading glass has, it is possible to offset each other with the value of the 
temperature coefficient of the surface acoustic wave velocity of propagation in 
which the spreading glass of a glue line 9 has the value of the line coefficient of 
thermal expansion of a substrate 1 . 

[0049] That is, the time delay temperature coefficient of the surface acoustic 
wave propagation direction 4 of the joined substrate 5 for surface acoustic 
elements can be improved by optimizing the thickness of a glue line 9 so that the 
temperature coefficient of the elastic wave velocity of propagation which the glue 
line 9 which uses spreading glass as a principal component has may serve as a 
value which offsets the coefficient of thermal expansion of the elastic wave 
surface wave propagation direction 4 of a substrate 1 . 

[0050] Moreover, in the joined substrate 5 for surface acoustic elements, the line 
coefficient of thermal expansion of the surface acoustic wave propagation 
direction 4 is improvable by joining so that the surface acoustic wave propagation 
direction 4 of a substrate 1 may become parallel to the c-axis of a substrate 2 as 
this example using the tetraboric-acid lithium substrate which has a c-axis in a 
plane of composition as a substrate 2 in the substrate 5 for surface acoustic 
elements which has the glue line 9 which uses spreading glass as a principal 
component in the junction interface of a substrate 1 and a substrate 2. 
[0051] The line coefficient of thermal expansion of the c-axis of a tetraboric-acid 
lithium substrate is [ about ] as mentioned above. -In order to show a line 
coefficient of thermal expansion negative in degree C and 1 .5 ppm /, it is 
because the line coefficient of thermal expansion of a substrate 1 can improve 
more greatly. 



[0052] Moreover, the substrate 1 which is a single crystal piezo-electricity 
substrate as another operation gestalt of this example, In the surface acoustic 
element equipped with the tandem-type crossed electrode 3 which is formed on 
the plane of composition of the substrate 2 joined to the substrate 1 by the glue 
line 9 which uses spreading glass as a principal component, and the substrate 2 
of a substrate 1 , and Men of the opposite side, and excites a surface acoustic 
wave If a diamond substrate with surface acoustic wave velocity of propagation 
very high-speed as a substrate 2 is used, since the velocity of propagation of the 
surface acoustic wave by which excitation propagation is carried out in the 
surface acoustic element formed on the joined substrate 1 will become quick, it is 
effective to RF-izing. Furthermore, for a certain reason, the thermal conductivity 
of a surface acoustic element becomes high, and the property of power-proof 
nature of the Kushigata crossed electrode 3 in which thermal conductivity is very 
high to the diamond substrate used for the substrate 2 can also improve. 
[0053] Drawing 9 explains an example of the manufacture approach of the 
surface acoustic element of this example below. For example, heat treatment of 
1 hours or more is performed for the lithium tantalate substrate which has Men 
bearing rotated at the include angle of 36 degrees - 46 degrees in Z shaft 
orientations, and the diamond substrate which is used as a substrate 2 and by 
which mirror polishing was carried out at the temperature of 300 degrees C or 
more as pretreatment of junction from a Y-axis focusing on the X-axis which is 
used as a substrate 1 and by which mirror polishing was carried out. 
[0054] Subsequently, after making the solution which mixed pure water (H20) 
with the hydrogen peroxide (H202) and the aqueous ammonia solution (NH40H) 
for the lithium tantalate substrate to join and the diamond substrate immersed 
about about 10 minutes, the rinse by pure water is performed. After drying two 
substrates, the process which carries out substrate junction through spreading 
glass as a glue line 9 is performed. Rotation spreading of the spreading glass is 
carried out first in the plane of composition of a diamond substrate. 
[0055] Then, the diamond substrate which applied spreading glass is heated 



about 5 minutes on the hot plate heated at about 80 degrees C. This is 
performed in order to evaporate the organic solvent which is the solvent of 
spreading glass. After carrying out grade heating for 5 minutes, the plane of 
composition of a lithium tantalate substrate and the spreading glass spreading 
side of a diamond substrate are joined on a hot plate. Especially the thing for 
which a particle free-lancer's junction interface is acquired here is important, and 
it is desirable to perform substrate junction in a clean room with a ten or more- 
class air cleanliness class. 

[0056] The air bubbles of a substrate junction interface are completely removed 
by putting a pressure on a lithium tantalate substrate and a diamond substrate 
after substrate junction. Then, the joined substrate 5 for surface acoustic 
elements performs sheet metal-ization of the lithium tantalate substrate 1 so that 
the line coefficient of thermal expansion of a diamond substrate may become 
dominant. Using substrate polish equipment (not shown), the board thickness of 
the lithium tantalate substrate 1 is ground so that it may become 1/3 or less to 
the board thickness of the diamond substrate 2. The above-mentioned polish 
process performs finishing polish gradually from rough polish, and realizes mirror 
polishing. In addition, about thin-film-izing of a substrate, it does not adhere to 
the aforementioned approach, and especially a process will not be asked if the 
board thickness of a substrate 1 is 1/3 or less board thickness to the board 
thickness of a substrate 2. 

[0057] After sheet-metal-izing a lithium tantalate substrate, two substrates are 
completely joined by performing heat treatment for 20 minutes at the temperature 
of 150 degrees C, and performing heat treatment of about 1 hour at the 
temperature of 200 more degrees C. 

[0058] Then, it produces by performing the usual electrode making process on 
the lithium tantalate substrate 1 joined to the diamond substrate 2 through the 
glue line 9 according the Kushigata crossed electrode 3 as shown in drawing 10 
to spreading glass. The Kushigata crossed electrode 3 is arranged so that the 
surface acoustic wave by which excitation propagation is carried out with the 



Kushigata crossed electrode 3 at this time may be in agreement with the surface 
acoustic wave propagation direction 4 (X shaft orientations) of a substrate 1. 
[0059] Although the 2nd example of the above explained the lithium tantalate 
substrate which has Men bearing rotated at the include angle of 36 degrees - 46 
degrees in Z shaft orientations from the Y-axis focusing on the X-axis as a 
substrate 1 Also when the lithium-niobate substrate which has Men bearing 
rotated at an angle of the range of 41-64 degrees is used for Z shaft orientations 
from a Y-axis as a substrate 1 focusing on the lithium tantalate which makes the 
X-axis field bearing, or the X-axis, there is same effectiveness. 
[0060] Moreover, although the 2nd example of the above explained the 
oxidization silicon substrate, the diamond substrate, and the tetraboric-acid 
lithium substrate as a substrate 2, it has the same effectiveness also in the 
substrate by alumimium nitride, silicon, silicon nitride, boron, oxidization boron, 
boron nitride, lithium tantalate, lithium niobate, or those composite material. 
[0061] 

[Effect of the Invention] As explained above, the structure which makes parallel 
the direction where a coefficient of thermal expansion is the smallest, and is 
joined in the elastic wave surface wave propagation direction of the 1st substrate 
which carries out excitation propagation of the surface acoustic wave in this 
invention, and the plane of composition of the 2nd substrate which consists of the 
same ingredient as the 1st substrate was proposed. Thereby, a line coefficient of 
thermal expansion is improved and a time delay temperature coefficient becomes 
producible [ a small surface acoustic element ]. 

[0062] Moreover, very powerful adhesive strength can be realized and the effect 
of bulk wave reflection by the junction interface becomes producible [ a small 
surface acoustic element ] from it being the structure where the 1st joined 
substrate and 2nd joined substrate consist of the same quality of the material 
further. Moreover, it is effective in generating of substrate breakage decreasing 
as compared with the case where a dissimilar-material substrate is joined directly 
by joining of-the-same-kind ingredient substrates directly. 



[0063] Moreover, in this invention, the approach of using spreading glass for 
junction of the 1st substrate and the 2nd substrate as a glue line was proposed. 
By using spreading glass, the substrate junction which has thermal resistance 
and chemical resistance becomes realizable by the simple and cheap approach, 
and since substrates with all properties, such as a substrate with a small line 
coefficient of thermal expansion, a substrate with quick surface acoustic wave 
velocity of propagation, and a substrate with high thermal conductivity, can be 
used as the 2nd substrate, a property improvement of a surface acoustic element 
is attained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The perspective view of the surface acoustic element by the 1st 
example of this invention. 

[Drawing 2] The explanatory view showing an example of field bearing of the 1st 
substrate by the 1st example of this invention. 

[Drawing 3] The explanatory view showing an example of field bearing of the 2nd 
substrate by the 1st example of this invention. 



[Drawing 4] The explanatory view showing the junction direction of the substrate 
for surface acoustic elements by the 1st example of this invention. 
[Drawing 5] The explanatory view showing the bulk wave reflection by the 
junction interface of the substrate for surface acoustic elements. 
[Drawing 6] The sectional view showing the production process of the substrate 
for surface acoustic elements by the 1st example of this invention. 
[Drawing 7] The sectional view of the surface acoustic element by the 1st 
example of this invention. 

[Drawing 8] The perspective view of the surface acoustic element by the 2nd 
example of this invention. 

[Drawing 9] The sectional view showing the production process of the substrate 
for surface acoustic elements by the 2nd example of this invention. 
[Drawing 10] The sectional view of the surface acoustic element by the 2nd 
example of this invention. 
[Description of Notations] 

1 [ - The surface acoustic wave propagation direction of the 1st substrate, 5 / - 
The substrate for surface acoustic elements, 6 / - The direction where the 
coefficient of thermal expansion of the 2nd substrate is the smallest 7 / - A bulk 
wave, 8 / - A reflected wave, 9 / - Glue line. ] - The 1st substrate, 2 -- The 2nd 
substrate, 3 - The Kushigata crossed electrode, 4 
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WESl t>L<ttWES2©S1fi©^ffilC^^7X 
iD^lcJ:O^^^X)l©^J£^ 
$t^2lgt, S3ES1©S«£WES2©S«£ 



4iat«tO. a&ffifSl©*KifiMB3S2©S«S:&tf 
#7*11 £:f^LT8£^5£<b£#$<hT5#tt*®»• 
i!i : ffflfi^K©8ijt3ra;. 
[fifjfcWl 5] «#J»1 2*fcttl 3feffc©#ttSffiiS 

*^ic*t»T. fleas i©s««, xitniitcYitt* 
<E>zw*f6](c3 6° -4 6° (D®w<Dfi&-?®mznrz 

S^^&U^A. SfciaxWHfe+fcKYltofr&Z 
«*Wt4 1-6 4° ©S5ffl©£)ST[Hji|££ ttfcB^fe 10 

1 6 ] 1 2 ££(2 1 3 fe®»#tt Slffiifc 

*TC«l>T. flfBS!2©»K(;i, ^•V^>K, gffc 

a. ra*£a»j^2A©fr»rn#*fctt-tns©*&tt 

[0 0 0 1 ] 20 

ns#tt£ffiai^m>«*?*«fctf*©is«©»i6#^ 

[0 0 0 2] 

A, 2^, 1 8 5- 1 9 21 (1 9 9 3^2^) 
tlTl^ipC, ^>^;i/K'J^^ASfe. Xt^t'J 

? 9 a * « * =k z* eg * 9 ft u * a a is & t* © m n a a 

«S«±lC^JR»l»©«i»3S!M*«*»l*UT»l«Sn 30 

[0003] &*«B«©ffittttftic#». ^n^tcffi 
tti^asnt^?.. 11-550 

&is>#i?<y&^mm5 n (1999^11^) 

[0 0 0 4] 40 

&j£fc ipsa*** . 3ia«©#«iU[»#«*u 0 a* 
snsfgfitc&o. ss{a««ts(s*«©«is»iBiiH*« 

Ml:^->XfA*i?SLTM5o ^©^t*»e»«# 

sfi»*t>tt-*yK'j?c7AS*6«©*teftjiass 

±K£«»IR©*m£gttffi£#jSTSi&*©#tt3iiii 

ft^Ttt. iiai«fiyjfi««»*^€r^a-&, sots 



[0 0 0 5] fftt&Sttft^aaeftmiUEftfttt. * 

a«»t©isc«toTft5tsns. ^ne>©ffltjm*sa 

tf. «3J^.tfxai^*^lCYtt^bZitt*[S](c3 6" ~4 

6° ©AKT*nie3nfc®^^-p^>^;i/BSu?^ 

6. lppmA, *fcXtt£t4>CYttfl>e>Z<*#|Bj 
(16 4° ©ftffiT0te^tl^ffi*fe^^O-^yft>J^ 
^A*«©X«i-r^t)-5#tt*Mfflc€IB^|6]TtJ$?J 1 
5. 4ppm/tt^>. #tt^®&*^©tt 
teffl±£0*±T£©£jW»S£fcT>T^-5. 
[0 0 0 6] ±te©l$S£8?&-f3*ffii:LT, i^S 

£JE*S«tt#St©Jlfc*StR£«£LTlr>-5fc©, # 
tS«»^|MBT?©/t;U^«Si*©«»*«*€r<. #14 

[0 0 0 7] S«S5£;S8:K:MLTtt. HtTEitS 

un[»«iai^ciaiB*^i;«*-fn*«fts. 

[0 0 0 8] *fSWtt, ±8B©«fc3fcraffi***U # 
tt^ffiiS$l5!i^eSB$*^m^SlE^S1S©^i*^?i^ 

fraWtt^BBfta^fflSK. is«fctf-?-©?IM4&iS»Jfrf 

5. 

[0 0 0 9] r&to-fe. **gaffit8Sffiofi5^ttKlHU 

Ttt. *SS-&&fc*3^T*ffi«^ffi-c©/N*;p^&s 
**©#*£»Afc£#fc#ttaffi«£*tttt&£ST3 

ffiC*HT»S»^«©»»XIS*a©«i67'n-feXX 
[0 0 10] 

&3S?Sl©affi<!:, t6l©St6K«££nfcS62©£fi 
£, ^l©*ffi©^2©S1S<i:©«^a<«:S^{»J©®± 

tc s n#tt« js St e asejgr * if t e 
■Afc*»k:*nT. as 1 ©s«©#tt^ffi&e«8*[6] 

££2©»«©tt£ffirtT?»fc»!»»Sfl&*©/jN3&»# 
[0 0 1 1] ±BIC*1»T. SSI £IS2©81£#IIRW 
1 <hfS2©affi©#Sttt. Bt*WT»4itiJ»JF*L 



5 

l * * £ * c «. ffii^tttj ct zfmmsh 

[0 0 12] 

T ©3gl ©*1B«**T*M!1HT**. HI© 1 ttl&gji 
BE«St6. 2(i±teS«l tC«£2nfc|g2©S«. 3 
t4±E*«l©, S«2£©»^iBtS»fflOiii±fc» 

2©#Rtt£«l tWi;T»*3»«. S&l©#tt*ffife 
©£Jg*ft (^W4) K;fctf4S«2©»3ftllB3B«» 

[0 0 13] *3iaiS«fc*ttS5Wt*iii«SlffTtt. * 

3 ©««Jttt»«l©XttK:*tLT 
[0014] ££ 1 ±K&R*BI©»#22g*« 3 £® 

c i ©#ttgffi«ei8*[Si4 <Dmm&m%&tw&&m 
«G«3a[flE©»K*»fc©j6K:<fct>Tft«r«. ;ine> 

©fitt*»«BE«S«H*©iitf*0. ^J^-tf. XM& 
4>^»CYtt^^Ztt*[fi](C3 6° ~4 6° ©^S-ClHie 

$nfc®*fi*^o^>^;i,KU5 i ^Aas©#ttgffi 
tte»#fi4 '(x«i*i6j) ©^.«a«ictt*tji 6. i 

p pm/'C£&fffcSfcteT?ttfct>. 

[0015] sffi. #tt«»»* ; Pfcttfli stress* 

«IIEE«*«fc*V»T. ^BIRMftfMkfttAflFttfe© 
|6] 4 ©tt%IB3Itt&ttiK) 13. 7 1 p p m/V. 

t. »LxA»ttm-vtttt^ni, #tt^ffijse^iiffi© 
ss&££tta»fciE©ffitja*tt»s«foT^*fc«). 

«attttfS£ffi&£il£i5[ll]&ftffiK©piii:& 

[0 0 16] **flS«Ttt, «AWftia&fllftft<*&b> 

Xffi 1 ©#ttlgffii&£i8*fi 4 2 ©S*£ 2 ©fft&B 
3B«»©/hSlr»*lfiIt£3PfT«CLTS^-ra. cmci 



(4) 450112 0 0 2 - 9 5 8 4 

6 

[0017] m 2 «*sijg«3j(Cct i ©ffi#&©- 

«*«Ufc"b©T»0. 0 3tt2MSi60!ll;:«fcSS«2© 
ffi^ffi©— 0d£jSU£t>©TfcS. 0 3 ©£EP 6 te, £ 

I4«R1 tbTX»*«t"'t»K:Y*W»6Ztt*|fi]K:3 6* 

-4 6° ©«Breiate«^fcffi*&£J5o*>*»*y 

10 LTY*#ffl©If*4fc«tto*>*;«y^A*S* 

[0 0 18] H4«, SKI £S« 2 

«2©»*&Kffi««cS#^.*. SfilfftSXiSif-t 
CY(tofc&Z|fcfrflHC3 6° -4 6° ©^StrHie^tl 
£ffi^ft£&0*>^;USPJ5f^AS«-e«, #1431® 
iS©eJB*(p] 4 Tft «XM#l«©M(R*SffiR^n 1 
6. lppm/TOI). Cttt'ftLT, S1S2T&3 
Ya*[6]©M*&*JfO^>^;^U^^AXffi©^ 
20 !Bff»3jt*#t:^*V»*|ft (^EP6T^To CCTi4# 
ttit ffifi ©e«g*r6] T » * X M2rft K ft L S Z 
©*JR»3Rft*tt»4. lppm/ICi, ^© 

[0 0 19] *589JK<fc3£B4KjjVr«fc5K:, SSI 
©#14iMft£«dJfi4T&3X$|i^[6j£, SS2©^ 
^ Z M£ffl 6 * ¥frC VTm& 
TS^tiCctO. £« 1 ©fft&££fii&tf£ti[ 2 ©«% 

4©*|R»3B«»&3fe#-r*i:£*<T?**. fefc'L, S 
30 fil©||J!KK!RffR^-C'©i;^X«2©M)RV9fKR& 
&5frttTtifc<, S«l £StE2©S»K5BSlC«fcoT 
*^iBK*i;*«U6*C*i;fc**tJa:*fca6, SSI 
£««2©S«JSS**figi:fc*. ^WLfcfeS, 2& 
2 ©*£*<£« 1 ©J»£© 3 fflHJUh£&*«fc'3 KStR 1 

« 5 e*fr>T*ttSStt£*£ffl©tt9RV«ff ft&J: 0 

[0 0 2 0] ^uTIl SSlT»*Xtt& + ^»CY(ft 
fr5Z(t*|Sli:3 6° -4 6° ©ftfiETEiesnfciii^ 
40 &S«rO^>^;P*iJ?^AS*©fiJPS9 0 um. S 

SS©ffiJ¥^ 2 7 0 Mm£-f5^£lCJ:0, Ytt^fS]© 

31J!l«flWiaa«»*Sl)tbfcte*. 24ppm/m 
ofc. Stg«^«rfffc^^«£*©3¥tt^®&^©iiS 

«flBISS«»tt3 3 p pmA-p»5A>6. *^?qtC«t 
0 9 ppm/ < C©&S?i^feoAc < , S«1©S 



7 

[0021] *fc. *£»«K«fcntf. ss^snfcss 

©ge^ttttStLT. «fc«Jiiafr»3*aa«*«T?**. "f 
ftto*. X*fc*«f«tCYiljl»6Ztt*|ftHC3 6° ~4 6 

SStYtt^|6j©iii^(i*«ft3^>^;v»>j^A«S 
ttHU»KT?*5i:t*6. #*£»;&&»**©*« 

[0 0 2 2] H5Sfflt»T*SIJfiMC<t-5St6SS^B 

l ojs$© 3 ftfiiutfc* <fc 5 icStR l ©SJPSSfift: 

C (a) (CSiVrj:3C/W*K 7©ais«S#ffifr£>© 
Etttt8©«»*«J:t>*#<fc*. Lji»U&3W6. 

««fc«tn« (b) tc^Tct^tc. steLfcssits 

S«^bfc«^tH:febT> nfl^J6 7©»|R«£JHfi 
6 ©SWiS 8 ©g«#/hS < 
[0 0 2 3] TfcfcS. Xtt*WCY«|^&Ztt*|Rl 

ic3 6° -4 6° <Dft&-?\sim-$tirznjj®:zt4-o?> 

©£»£«£*£«*«*$<, £©«ii*#"r*#j&i60!l 
[0 0 2 4] gStt»SlS£*5L£ttg$£-f3 

o. ais^a©ras^ 

[0 0 2 5] ■Q€fc#5S91©?IH4*ffi«* J F©«jfi*ffi 
®-W*H6CJ:r)i8Wr*. ^!lA«*«liUT. X 
tt$if^»CYtt^e.Ztt*|Bl{C3 6° ~4 6° ©&ST' 

7AS«£ffl;lcT3 0 SS2tlt(iYiffiffl 

±©«*Tii*M«±©jiM6«*fT5. ^nttsisiis 

«t^S«2©aiBK:#»LTl»**X^*«!»£l»*r 
SBWTfr^o c©fflffl*a;*tS««^*K:«^iB 

[0 0 2 6] 'A^T'> 2&<D? )im*)?'5 

ASS^. ii^*^ (H 2 O z ) i7>^7*gi 
(NH.OH) t«* (H z O) Sfi^lfc8«l:8l0 

a«i£cfctfS«2©i?ffi(c&*tt£&7tth 



(5) M2 0 0 2- 9 5 8 4 

8 

[0 0 2 7] trot. 2tt©^>^;H6U?7AS1R* 

icagT&o. *aa2«c»«, ?7xioa±©?u-> 

10 [0 0 2 8] ■€•©«. S^$n/t2ft©^>^;^'J5 1 
^A»gtt*«2T»aY(ft3Erfi|©iii3Srffi*»^^>^ 
U AS*6©*J»II{S«*»«XEW t*S«t 5 

c. asiT»«x*fc<iii&KY*a»&z**afflic3 6 
• -4 6° ©ftarc0teanfcis:£&£«ro*>*^» 

Xtt^4 J -6ICYtt^e»Z«l^[^{C3 6° -4 6° ©&ffi 

Tinea nfcB*tt*»o^ >*juk u ^ as*s©« 
Y«i^|6]©H^&^Jto^>^;^'J5 i 7AS1S 

20 [0 0 2 9] W*Igttaw«*5{fc±tfW«£&»H 

«k'5c***^«©fF*iaic«toTj»«fl: , r'5©Tia 
»&a»i;»Y«i:£ffl©ffi:#&sjtt3*>*;u«u 

^•7 ASSIC^IT 3 #© 1 £TF©*SJ*£&3 xfftft^ 
^tCYtft^6ZW^[6](C3 6° -4 6° ©ftffiTIaieS 

5«-&UTt>«fc<. *«l©tR»*»*S2©«J?K»b 

t 3 #© i £tT©«»T?»ntf 

[0 0 3 0] iSUitttfc^ 2 5 0°C©2S«T- 

30 m2mm<»®Mwznoz£\z£<r) 2*c©*>*;h* , j 

5 3 ft, S«2fcS£Sn&S«l±K: 

il^©*ffi^©xeftffoT^©TS 0 £©££»£ 

S«M3ftiHttt-^o 
[0 0 3 1 ] ±1B. »l©*lfi«K:*^TI4. mW.lt 
UTXtt*«f'W=Y«|j5»6Z«l*|pUr3 6° -4 6° © 

40 IS. HU«K^635:'5Sffi2 tUTYtt^|6j©jii^ffi* 

fcrt*. »«2£LTXtt#ffl©iS#ffi£8p:3*>*;us 
U?7Ag«£ffl^fc«£t>E«©3&*jJ<fc*. 
[0 0 3 2] HflJtc. «SliUXt«1''&l:Yi* 
£>Zfc!l#fiK3 6° -4 6° ©^ffiT-@teanfeffi*{i 

3^ASfc£ffll,>. Sffil©X«I*|6]*i»«2©Xtt* 
lfiI«taSS-r*J:5t»^Lfc*'&t,ratt©8ft**«**. 
50 [0 0 3 3] SIS 1 <!: HXa^^IOBMS 



9 

SIS 2 t LT Yfc&Tjfa fc L < fiX*S*|6]©iB*ffi*fifO 

«*|*I4T?*<5Y«A^Z«I*|6HC1 1 2° ©affiTlEl 
KS<lfc*|6]d««2©Ztt*|Slt5|ifft«C*«t'5K» 
£ L *> E«©8&*j&<* 5. 
[0 0 3 4] Xfil fcUTX(*fc«P&£Y*|!&» 

e»za*[6](c4 1° - 6 4° oft§[T7iHitesnfcffi*fi; 

-*7&y^AS1K£/3l^ S«l©Xtt#|6]tfS« 

2 © z wi^ifii t w -r * «t o izmfi l t> ra«©8& 

[0 0 3 5] SfiltLTXiSWCYi* 
6Ztt*|S]l;4r ~6 4° ©^ST[Hlte$tlfcffi*{4 

AS8E£ffll>. »«l©Xtt*^jji<SS2©Xtt*|filt 
»£T * «fc 5 fC&£ Lfc*£ fc |QtiK©3»£ftt&«. 
[0 0 3 6] Sffil £LTBg*<7gMJ5f^AS*£ 

Sfflt>. ni:»«*6&*«S2tLT*^iiirtk:ctt 
E&ei&Tjft 4 2 © c tfctfifi] t jpff £ fc 5 i 3 ic 

[0 0 3 7 ] £©*£•©«« lii<fctf£fi 2 ©»f!&B3B 
SfilTifcSIHsl^Ky^tfASS© 
a«l*lSl©i»3RSSfa«»*«tt 1 3 p pm/tt-^^Ol: 
WUT. *«2T&3EI*<7i!<J5P'7AS«©c«]©jgg 
»8f3fi&&l±»- 1 . 5 p pm/Xfcft©iW!MMRffR 
ifc*. ioT, E^^^U^^ASt5©a«l*^tGg 
**»'J f^ASi® c «dffia«FfT<hfc£«fc "5 tC»ffi 
£ <h K «fc D . a $ft*[6l©^^3S^Sc©*5 1 3 
Ppm/t;#ctt#fc©|^IB3B«S©tt-l. 5pp 

i£ 5 Cisv»T5MtSiii»e«5EF|pi©ISI»»3g«**<eS:# 

[0 0 3 8] O^'tC, *3BM©9J©*lfi«SKWrS. 
H8«*3BWK:«fc*5M4*iiiift3tf : F©»2©mSW&* 

££ 1 ©S«2 i©«#ffitS»»J©iB±lc»i«Sn# 

RJR^TfeO, Sffil £«1S 2 ©«#£«»« 
2©&£-^gnl;:^;fr#57. (SOG : Spin On Gras 

s) ttf&ft ft zmm® 9 zmisT^z. 

[0 0 3 9] Sfil ©^tt^ffiiS©eJB*[6] 4 t=*5tt -5 
££2©ftMB!Kfffttt. Sffil ©H*|nI©«f!ftW3B« 
*J:t)/h$<ft5«fc-5k:»^nTiJa. Sffi2 
©J*S««S« 1 ©i¥$© 3 «fiJl±£&* «t 5 K»« l © 



(6) ftii 2002-9584 

10 

ffl HTSS 1 tSffi 2 *»^S-BrfcSS*#ttaiBft* 
[0 0 4 0] g*«9iLTfflV^^*^7XlJK{ka 

T'#3fc©-e. a*fl:#«i**«j§sijc**s-a-fct>© 

10 «l*lfi](C3 6° -4 6° ©a«-eiBH££*lfciB#fe£8 

[0 04 1 ] **Jg^J{C=ttl«. ltli:Sfi2©g^ 
iCfcl^T. H«I9iLTifilc»«ltS^^ft5i 

*8*iW£LTfflVifc*££©JtRl;:*i^T. SfI9 

ttussm^fflSte 5 ©#tt$Btee«;&fi 4 tarrs 

fi^jSa-tfRfcJi*** Sft 5 < . * 
«l©f»»3Bf::«fcate*#fS£Ufc«£fc*>. W*fcHR 

^s^^sjfl^<tit^TEmsis 1 ©## sama?-* 

^i^Tt, *Sft»3B«ifc©5{cSlct>a*WT»*. 
[0 0 4 2] SSI t*ffi2$g^Lfc#ttS®iS«^ 

ttt>£g£fc«. <toT. 8fI9SfflHtIfiltS 
« 2 £ $ -B- a «£■ ic tt&*f H 9 C HUMS- «t tf» gg 

[0043] -mtbx, &mm 9 \zm^wmimmm 

40 »S. Lt^U Kn««{bS!»IB©«ftttUTWaifitt 

^9<>:tT©®ffl«ISLm 
[0 0 4 4] M©Wil/T, tt*ff9Cftgft:£!ttK6 

^f^, J!ft«ftS1»ffi!6*a*anfcS«2 SBtflHlUftU. 

tt^^T-T*. L^L, J»*fl:a!WJB©»tt4:bTtt 
50 HgB&ftW?. S6fc:S«i«^«©HJni3»»cJ;r)IJc 
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[0 0 4 5] ZZlzmmitLT, S=#)f 9 7 

fc ifTin^ LfcStg 2 ©«£® tC^ffl -7 y 57 x £?g 
0 . 7 y 57 X at*ttfcttttT?*« 1 Ltz 

b L £ *» & . &m m 7 y 0 7. ©# tt tLT »4Wf!fttt*< 

tttfftl»fc'©«»B9fcLT©»8H«LV». 
[0 0 4 6] **Jfi0UC*5^T. ££l <hS«2£jg£- 

51^7X11 4 0 01C«±CDMS(ri3^T : b+» 

JtR-r5£-Ct>fc<, »»XSe«S3©«B7n-fe*x 

[0 0 4 7] #tt£E»*?©jiail3|BliBlSi>SRtt. ffi 
i£© <h*5 D AE«£K©Wft$iii&£ftt:«rffl 4 ©«a 

• Brat. ^>^;«u?^Aas«^>-*^»u?"> 

A**»T?tt*©«£&*tt**»oT*»S&». ttM 
»3Bffi»t©SCJ:DaiSSiiaili#|BJffl««ftttJ;0jik 

[0 0 4 8] HtUcftLT, *HaSWC*«riT«#H9 

-r*. a*«5^j&«*r*j:©ttntfijffl-r*ctK± 

0. »Sl©||ift»9ffft©««tt«JI9©tt^?^ 
##T5#tt*B8£«a*©HflE«ftR©«lc J: o Tffl 

[0049] ^$d, MftX7x*3if&ftt-rz>&mm 
9dt«r-r«#ttii[€iRXK©ueff)kAt. *si©#« 

««iiiftejR*|fil4©S»l«S«**ffi»T-BfitfeSJ: 
■5IC. »*H9©BIJP£ftafl:T*££l;:«fcD. 
fc»tt«iB«JlH t ffl £« 5 ©^ttigffi&eSgTJ ft 4 ©« 

[0050] lt. ski <hsts2©« 

tt«ifi«»TMlMR5K4N>T. S1£2i:UTg3-ffil*J 
#ttaffitte*#[fi]4j&<S«2©ctt£¥fT£fc.5«fc5 
5 t*Slr»T»ttSiiS«[e**lSl4©»«Hg3B«?8[*«ac» 

[0051] B3*^«'j^->Ass©ctt©«*s«sja» 



(7) ^2 0 0 2- 9 5 8 4 

12 

RttMSfi©«k3K»-l. 5 ppm/t;iM©^.«5I 
«*S:^-rfc©. ££l©*«UIMftfty: 

[0 0 5 2] *fc**lBW©M©*lB»*i:UT, ¥16 

*«2 <t©^ffi<hS*fHil©ffi±lC®fi!c$n#ttSffi& 
&a&-f 3 tfe«>Lfc#ttaiiitt3lH t K 

tt£ffiR©e*&SErt<S<fc*&©. iS5«»fl:lc»LT 
$611. 3«2Kffl^fc^'r7 ; E>K8« 

&ffittS?©fke9MWft<ttQ. *»3££*«3©W 

[0 0 5 3] 0^tI*Hffi^©#ttgffiiS*^©Sig7J 
«©-«€H9K:A0Kifl-r So #!lxJ4*ffl£l <hLTffl 

20 6 ° ~4 6° ©aflr?[IHE;£ftfcffi;£t££flfO*>*;U 

»y^> thxm^&mwmmzntz 

y-f7 ; E>KS«&, «^©H5^StLT3 0 0*Ca± 
©iSKT 1 ^|BJ£t±©»afflSff 5. 
[0 0 5 4] &V>T. «#r*^>^^MU 
£^7^>K*ffi£iH?ffc*s5f (H 2 0 2 ) t7>^~ 
7*S?i£ (NH4OH) iM* (H 2 0) 

5. 2tt©£«&ttiR£ttfcfft, g*)f 9<bLT^# 
7^&^UTS««^r5Xg*fT'5. *-r^7^> 
30 H*«©«^lffK:a*i!/5^*l3fia*-r«. 

[0 0 5 5] *-©«. i^7X*ML/:^7t> 

h*a«^ 8 ox:mm\zmf&LTz-fcv b^u-htxsft 
mmm-tz. c\ti\mttXyz<D®mx'$>z>G®®m 

iT'tt/t-x-r 57 Jl.7U-©«^»iB*»*Ct««»K 
SST-feO. l 0SLb<D9V->m*ttHrV- 
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